Here, we present a synthetic view on how Kimura's Neutral theory has helped us gaining insight on the different evolutionary forces that shape human evolution. We put this perspective in the frame of recent emerging challenges: the use of whole genome data for reconstructing population histories, natural selection on complex polygenic traits, and integrating cultural processes in human evolution.
Introduction
Kimura's Neutral theory is still fundamental in human population genetics. It enables us to build up expectations of patterns of genetic diversity under the neutral framework and therefore to test for complex demographic scenarios of population history, to detect the occurrence of natural selection and of cultural processes in human populations.
Population History
In the study of human evolution, one of the first applications of Neutral Theory is to trace population histories. Thanks to the development of the coalescent theory (Kingman 1982) , which reformulates the neutral theory in a backward-in-time framework, it is now quite feasible to simulate the evolution of a population or of a set of populations that undergo complex demographic events such as demographic expansions, fusion/fission, and migration events. Taking advantage of recent increases in computing power, it is now feasible to run millions of simulations under different historical scenarios for neutral genetic diversity. Under approximate Bayesian computation (ABC), the parameters of these simulations are usually drawn from noninformative distributions (Beaumont et al. 2002; Csillery et al. 2010 ). ABC allows comparison of different evolutionary scenarios, by contrasting genetic diversity statistics measured in the populations under studies with the same statistics measured on the simulated data. The scenario for which the simulated statistics are the closest to the observed ones is considered as the best-fitting scenario. The posterior distributions of the parameters of this scenario are then estimated similarly, by retaining the simulations that lead to the parameter estimates most consistent with observed values.
This approach has been first applied to classical population genetics data (e.g., microsatellites or short sequences). In humans, it allowed researchers to infer the history of splitting and admixture between Central African pygmies and neighboring farmer populations (Verdu et al. 2009 and between farmer and herder populations in Central Asia (Palstra et al. 2015) . On a larger scale, it has been used to infer the mode and timing of the out-of-Africa expansion of Homo sapiens (Ray and Excoffier 2009) . In parallel, other studies have performed demographic inferences in human populations using Markov chain Monte Carlo (MCMC) methods, following generally a Metropolis-Hastings scheme (Metropolis et al. 1953; Hastings 1970) , implemented in computer programs such as Beast (Drummond and Rambaut 2007; Drummond et al. 2012) . Using short DNA sequences and microsatellite data, this general approach has enabled inference of the Paleolithic and Neolithic expansions in human populations, showed contrasted patterns among hunter-gatherer, farmer, and herder populations (Aim e et al. 2013 (Aim e et al. , 2014 ) and a demographic expansion of farmer and herder populations that predates the advent of agriculture.
The current challenge is to perform similar estimations using next-generation data, either DNA chips data or whole-genome sequences (WGS). DNA chips data have the inconvenience of being affected by ascertainment bias. Some ABC approaches attempt to circumvent these assumptions (Wollstein et al. 2010; Theunert et al. 2012 ), but they are rather difficult to implement. Whole genome sequences are more promising in this context, as they are not affected by this bias. ABC approaches have been developed for such data (Boitard et al. 2016) . These take advantage of powerful algorithms, such as the sequential Markov coalescent (McVean and Cardin 2005) , which allows rapid simulation of WGS. They offer a promising framework that needs further optimization in terms of the statistics and ABC methods used. They also need to be compared with other methods based on site frequency spectrum (Gutenkunst et al. 2009 ) or length of identical-by-state segments (Harris and Nielsen 2013) , before they can be used widely on human population genomics data.
Testing Nonneutral Evolution: Natural Selection
When researchers aim to detect natural selection in human populations, Neutral Theory enables population simulation to determine the confidence intervals in absence of selection for many summary statistics such as within-population diversity or among-population differentiation. These intervals are calculated following approaches initially developed for classical population genetics data (Beaumont and Nichols 1996) and recently improved, in particular to handle nextgeneration data (Whitlock and Lotterhos 2015) . Loci that deviate from the neutrality envelope are considered to be under selection. Signals of selection have been identified for a limited number of genes in human populations such as the lactase gene for which several mutations allowing the digestion of milk by adults have been independently selected in pastoralist populations in Europe and Africa (Bersaglieri et al. 2004; Tishkoff et al. 2007) . Similarly, selection appears to have acted independently on several genes implicated in the adaptation to altitude in populations from Tibet (Yang et al. 2017) , Ethiopia (Huerta-Sanchez et al. 2013 ) and the Andes (Bigham et al. 2010) .
Nevertheless, there is evidence that such events of strong selection on single genes are fairly rare in human populations (Granka et al. 2012; Fagny et al. 2014 ). This may be a consequence of the fact that many phenotypic traits potentially under selection in humans are highly polygenic. This is the case, for example, for skin pigmentation (Martin et al. 2017) , stature (Marouli et al. 2017) , or adaptation to diet (Hsieh et al. 2017) . There is, therefore, a strong need to develop new methods that will be able to detect selection on such polygenic traits and their underlying genes. These methods may in particular rely on the fact that polygenic adaptation creates allelic association even among alleles at genetically independent loci (Latta 1998; Le Corre and Kremer 2003) .
Deviations from Neutral Theory due to Cultural Processes
Beyond natural selection, cultural phenomena are another kind of process that can be interpreted in light of the Neutral Theory. Indeed, in humans, not only genetic material is transmitted from one generation to the next but also cultural traits (Cavalli-Sforza and Feldman 1981) . These cultural traits can interact with migration, mating behaviors, reproductive success, and hence shape neutral genetic diversity. Although these cultural transmission processes occur in other species (Tiedemann and Milinkovitch 1999; Frère et al. 2010) , they are particularly important in humans.
Among these processes, it is well known that, in most human populations, social rules impose disparate migration patterns on men and women (Seielstad et al. 1998; Oota et al. 2001 ). This gender difference leads to contrasting patterns of genetic diversity when different parts of the genome are compared: Y chromosomes that traces paternal history, mitochondrial DNA that traces maternal history, and X chromosomes that help to untangle sex-specific behaviors (S egurel et al. 2008) . Several studies used these genetic data to demonstrate the huge variability in sex-specific behaviors among human populations (see Heyer et al. 2012 for a review). For example, in patrilocal populations, women have a higher migration rate than men (Chaix et al. 2007; Marchi et al. 2017) , while it is the opposite in matrilocal populations (Ly et al. 2018) . Sex biases in admixture rates have also been widely documented (Cox et al. 2010; Verdu et al. 2013; Mathieson et al. 2018) .
Another sociodemographic behavior that has been detected in human populations is the cultural transmission of reproductive success. Indeed, when demographic data spanning several generations are available, a positive correlation in reproductive success between generations has been estimated in several human populations (see Heyer et al. 2005 for a review). Children from large families tend to also produce large families, while children from small families tend to produce smaller numbers of offspring. This transmission of reproductive success can be explained by some cultural aspects. For example, in Amerindian populations, males with high social status tend to be more polygamous, thus increasing their reproductive success (Neel 1970) . This social rank is transmitted to their sons, who in turn tend to be more polygamous with higher reproductive success. In New Zealand Maoris, women with high social rank have a higher reproductive success because their children have a higher survival rate attributable to better access to resources (Murray-McIntosh et al. 1998) . This social rank is further transmitted to their daughters. In the French-Canadian population of Saguenay-Lac Saint Jean (Quebec), families where a high proportion of children get married in the population tend to have children whose children will also tend to settle in the population, therefore creating a correlation from one generation to the next of the number of effective children in the population, that is, children who settled in the population (Austerlitz and Heyer 1998) . We designed a statistical test to detect such phenomenon from genetic polymorphism data (Blum et al. 2006; Brandenburg et al. 2012) . When cultural transmission of reproductive success occurs, the shape of the coalescent tree becomes more unbalanced than under expectation in a neutral framework. It allowed us to show that maternal transmission of reproductive success is more common in hunter-gatherer than in food-producer population. We showed also that paternal transmission of reproductive success occurs in patrilineal herder populations from Central Asia . Cultural transmission appears thus as an important process in the evolution of the human species.
Conclusion
Neutral theory is still the reference framework used in the study of human population genetics. It is a powerful tool that provides a basal model that can be used to infer processes such as population history, natural selection, and cultural processes. Another extension of this theory is to apply it directly to cultural data. It has been for instance used on linguistic data to infer the history of splitting and exchanges between languages (Bouckaert et al. 2012; Thouzeau et al.
Neutral Theory: From Complex Population History to Natural Selection . doi:10.1093/molbev/msy067 MBE 2017) and on archeological data to formally test if changes in ceramic decoration in Neolithic Europe follow a neutral model (Shennan and Wilkinson 2001) .
